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Available methionine and cysteine '77 * Added in the form of a defatted powder.
-f Hawk, Oser & Summerson (1947), modified as described by Kunachowicz (1970).
Prepared as described by El-Maraghi, Platt & Stewart (1965).
4 Determined by the Kjeldahl method (Person, 1973) .
shaking. The pH of the hydrolysate was adjusted to 8.2 using I M-Na,HPO, and, after adding 0.1 ml toluene and 0-1 ml of a solution containing 10 mg pancreatopeptidase E/ml, the incubation was continued for a further 24 h.
For pancreatopeptidase E alone, a weighed portion containing 4 mg pure protein N or 6 mg food protein N was dissolved in 5 ml 0.05 M-phosphate buffer (Na,HP04--HCl, pH 8.2), 0.1 ml toluene and 0.1 ml of a solution containing 10 mg pancreatopeptidase Elm1 were then added. The mixture was incubated at 40' for 24 h with continuous shaking. An incubation mixture without the test protein was used as a control. The reaction was stopped by addition of 0.2 ml 1.8 M-HC1O4/m1 hydrolysate and after 30 min the hydrolysates were centrifuged at 3000 g for 10 min. The super- natant fraction was collected and for pepsin-pancreatopeptidase E hydrolysates was adjusted to pH 7 with KHCO,. Determination of available methionine in enzymic hydrolysates. After partial enzymic hydrolysis of the protein, the hydrolysate was reacted with sodium nitroprusside as described by McCarthy & Sullivan (1941) . The extinction at 520 nm of the coloured complex formed was measured using a spectrophotometer (Beckman DB ; Beckman Instruments Inc., Fullerton, California, USA). As the -S-CH, group of methionine takes part in the reaction, the amount of the amino acid can be determined in peptides, if this group is free to react with sodium nitroprusside. Ussuary & Gehrke (1969) suggested that of twenty amino acids studied, only tryptophan and histidine interfered in this reaction. This interference was prevented by adding glycine ( 3 0 g/l). It should be emphasized that determination of methionine content by this method is selective, as oxidized forms of methionine (sulphone, sulphoxide) do not participate in this reaction. The results obtained are the absolute values for the methionine content of the proteins for both the raw materials and the products obtained after technological processing.
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Determination of available cysteine in enzymic hydrolysates. The cysteine content of proteins was determined by the Zahler-Cleland method (Zahler & Cleland, 1968) after enzymic hydrolysis of protein to release cystine which was then reduced by dithiothreitol (DTT, Cleland's reagent; Sigma Chemical Corp., St Louis, USA) to cysteine. The thiol group of cysteine formed a coloured complex with 5,f-dithiobisa-nitrobenzoic acid (Sigma Chemical Corp.) and the extinctionat 412 nmwas measured spectrophotometrically. By this method the intact cysteine content of both raw materials and their products which had been processed on an industrial scale could be estimated quantitatively, as only the free thiol groups of cysteine take part in the reaction.
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Available methionine and cysteine I79 The food intake and the body-weight gains were recorded daily. After 14d the average food conversion efficiency for each rat was calculated.
Determination of available S amino acid (methionine + cysteine) content of proteins of milk andJish products. Groups of five rats were given ad lib. a diet in which part of the casein was replaced by one of the test products. The composition of the diets is given in Table 2 . The food intake and body-weight of the rats were recorded daily. After 14 d the food conversion efficiency of the animals was determined, and the S amino acid content of the test product was calculated using the equation: a = c-aa,, where a, c and a, are the S amino acid contents (mg/kg diet) of the test product, the diet containing the test product and the basal casein diet respectively. The S amino acid content of the test product was then expressed in terms of crude protein (N x 6.25) content.
The efJect of dietary methionine supplementation on growth rate. Groups of five rats were given diets containing spray-or roller-dried milk or whey ( * For details of procedures, see pp. 176-9.
R E S U L T S
Reduction in methionine content during acid-hydrolysis. To study the reduction in methionine content during acid-hydrolysis, the methionine contents of various foods were determined after acid-hydrolysis with or without preliminary oxidation ( Table 3) . The values for the methionine contents of proteins which were acid-hydrolysed without preliminary oxidation were 50-90 yo lower than those which were acid-hydrolysed after oxidation; the value obtained was dependent on the type of protein.
These results were of significance in the interpretation of the results for the total methionine content when this was determined by the microbiological method. In the latter method, proteins were acid-hydrolysed for 6 h before methionine determination using the micro-organisms. Table 4 shows the results for the total methionine contents of food proteins determined by the microbiological method and by the method of Moore et al. (1958) , which included a preliminary oxidation of S amino acids. I n all instances, the values for the methionine content obtained by the microbiological method were lower than those obtained by the method of Moore et al. (1958) . The differences in the methionine contents were undoubtedly associated with partial decomposition of this amino acid in the preliminary acid-hydrolysis of the proteins in the microbiological method.
Estimation of cysteine by the Zahler-Cleland method. Cysteine contains a very reactive thiol group which is readily oxidized both in the free amino acid and in the amino acid when it is bound in a polypeptide chain. As a result of dehydrogenation cystine is produced from two molecules of cysteine. I n the Zahler-Cleland method, cystine is converted to cysteine by DTT, and the accuracy of the method depends, to a great extent, on the efficiency of this conversion.
It was found that the amount of cysteine in the test solution after reaction with DTT for 30, 45 and 60 min was the same. A conversion efficiency of 100% was obtained for cystine after reaction with DTT for 3 0 min; therefore, this reaction time was used subsequently.
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Available methionine and cysteine contents of enzymic hydrolysates of pure proteins.
The method for the determination of available methionine and cysteine contents was based on the measurement of both free and peptide-bound methionine and cysteine. For the estimation of these amino acids for enzymic hydrolysates it was therefore necessary to find a procedure which would produce peptides completely soluble in the perchloric acid which was used for stopping the enzyme action.
Values for methionine and cysteine contents of a 'linear' protein (casein), which was initially hydrolysed with pepsin and pancreatopeptidase E, or with pancreatopeptidase E alone, are shown in Table 5 . The values obtained for methionine and cysteine contents of casein by these procedures were similar to those for these amino acids determined as methionine sulphone and cysteic acid after acid-hydrolysis of casein by the method of Moore et al. (1958) .
Values for methionine and cysteine contents of a 'globular' protein (bovine serum albumin) obtained by enzymic hydrolysis using various proteolytic enzymes are shown in Table 6 . With pepsin and pancreatopeptidase E or with pancreatopeptidase E alone for the initial enzymic hydrolysis of bovine serum albumin, the methionine and cysteine contents were similar to those obtained by the method of Moore et al. (1958) but those obtained by enzymic hydrolysis with papain were 50% lower. This was associated with the release, after enzymic hydrolysis, of peptides which were insoluble in perchloric acid. This was confirmed by the 46% recovery of N in the perchloric acid-insoluble residue.
As there were no differences in the levels of methionine and cysteine for enzymic hydrolysates of 'linear ' (casein) and 'globular ' (bovine serum albumin) proteins which were hydrolysed with pepsin and pancreatopeptidase E or with pancreatopeptidase E Recovery of methionine and cysteine aft@ enzymic hydrolysis. The effect of enzymic hydrolysis on DL-methionhe and L-cysteine standards was studied. The hydrolysis conditions did not affect free methionine and cysteine as the recovery of both methionine and cysteine was high (98 and 94% respectively). Values for the recovery of methionine and cysteine in the presence of casein were 95-100 and 89-95y0 respectively.
Available methionine and cysteine contents of enzymic hydrolysates of food proteins. The available methionine and cysteine contents of food proteins were determined after preliminary enzymic hydrolysis with pancreatopeptidase E. recovery for the test samples (N content of samples before and after enzymic hydrolysis) was calculated; values were high and ranged from 92 to 100% (Table 7) . This suggested that after enzymic hydrolysis peptides were produced which were completely soluble in perchloric acid and therefore values given for methionine and cysteine contents were absolute values for these amino acids for food proteins.
In vivo studies. The content of available methionine and cysteine in processed and unprocessed foodstuffs was calculated from a standard curve for the utilization of S amino acids by rats.
Body-weight gain, food intake and food conversion efficiency values are given in Table 8 . The correlation between S amino acid content of the diet and the food conversion efficiency was high ( r 0.96) (Fig. I) . The S amino acid content of the diet (c; mg/kg) was calculated from the equation:
where W is the food conversion efficiency (determined experimentally). The above equation is valid in the range 3670-5670 mg S amino acids/kg diet. S amino acid contents of milk and mackerel products. The available (measured chemically) and total methionine and cysteine contents of proteins in fresh milk, whey and mackerel and their respective processed forms are shown in Table 9 . The values for available and total methionine and cysteine contents of the proteins in the fresh materials were similar. Processing did not affect the total methionine and cysteine contents, with the exception of a slight decrease (8-9 %) in the total cysteine content of spray-and roller-dried milks.
Percentage reductions in the available methionine content were found in the following processed products (relative to fresh form) : sweetened, condensed milk, I 5 ; unsweetened, condensed milk, I I ; roller-dried milk and whey, 22 and 14 respectively, mackerel sterilized at 126O, 19. There was no decrease in the available methionine contentsof spray-dried milk or whey, steamed mackerel or mackerel sterilized at I 'so.
The available cysteine content (measured chemically) was 32 yo lower for sweetened, condensed milk and 9 yo lower for spray-and roller-dried milks, in which there was also a 9% decrease in total cysteine content. The reduction in the available cysteine content was probably due to destruction of this amino acid.
Decreases in the available cysteine content were also found in mackerel sterilized at 1 1 5 and 126' (64 and 75% respectively). There were no changes in available cysteine contents of unsweetened, condensed milk and steamed mackerel. Generally the total S amino acid contents of the processed products tested were not different from those for the respective unprocessed materials. However, the availability of these amino acids was changed and the extent of the change was dependent on the type of protein and the type of processing. * For details of diets, see Table 2 .
-f Mean values from Table I I. 1 For details of methods, see pp. 178 and 9.
Comparison of in vitro and in vivb valuesfor the availability of S amino acids. T o determine whether in vitro values for total and available S amino acid contents were physiologically significant, in vivo rat bioassays were done using spray-or rollerdried milk or whey, fresh mackerel or mackerel sterilized at 126'. The chemically determined total and available S amino acids content for the diet are given in Table 10 .
The available S amino acid contents of the diets containing roller-dried milk or whey and that containing sterilized mackerel were lower than the total amount of these amino acids estimated after acid-hydrolysis. In diets containing spray-dried I88 DANUTA PIENIB~EK AND OTHERS I975 products and that containing fresh mackerel, the total S amino acid content was the same as the available S amino acid content. The body-weight gain, food intake, food conversion efficiency and the calculated S amino acid contents for the diets are shown in Table I I . The calculated S amino acid content was lower for diets containing roller-dried products than for those containing spray-dried products and lower for the diet containing sterilized mackerel than for that containing fresh mackerel. The total S amino acid contents of these products and the available S amino acid contents determined by chemical and biological methods are compared in Table 12 . There was good agreement between 'biological' and ' chemical' values for the range of test products.
T o determine whether the lower methionine content of roller-dried products was responsible for the poorer growth of test animals a methionine supplement was given. The body-weight gain, food intake, food conversion efficiency and available S amino acid contents are given in Table 13 . Methionine supplementation resulted in an improved growth response, suggesting that the poorer growth response for rats given the diets containing roller-dried milk or whey was due to lower contents of available S amino acids. Values for NPU (Table 14) were also lower for roller-dried products compared with the corresponding spray-dried products.
D I S C U S S I O N
Protein-quality evaluation is frequently done using chemical methods. These methods are based on the comparative changes in the amounts of specific amino acids in processed and unprocessed materials. These methods involve some alteration of the polypeptide chain to render individual amino acids accessible for selective chemical reaction, and should be specific for those amino acids which remain unaffected by processing.
Chemical methods have been developed for the estimation of lysine (Carpenter, 1960) and tryptophan (Skibinska & Kakowska-Lipinska, I~I ) , the two amino acids (other than S amino acids) which most frequently limit the nutritive value of proteins (Autret et al. 1968 ).
The present work describes a chemical method for the evaluation of the available S amino acid content of proteins. The estimation of the available methionine and cysteine content of pure proteins and food proteins using the above methods, after preliminary enzymic hydrolysis of the proteins, gave results consistent with those obtained by the method of Moore et al.
The results of these experiments were in agreement with the general opinion that there are no differences between the total and the available level of amino acids in protein which has not been exposed to technological processing.
I n the present work the effect of processing on the content of available methionine and cysteine in selected milk and fish products was also studied.
Processing involved in the preparation of the following fish and milk products: unsweetened and sweetened, condensed milk, roller-dried milk and whey, and mackerel (sterilized at 126") resulted in decreases in the available methionine contents of I I , 15, 22, 14 and 19% respectively. There was generally no measurable decrease in the available cysteine contents compared to those of the unprocessed materials, with the exceptions of sweetened, condensed milk and mackerel sterilized at I 26", in which decreases of 32 and 75 yo were found. A decrease of 64% in the amount of the available cysteine was found in mackerel sterilized at I 15".
The results reported here cannot be compared directly with those reported by other authors, as in general they have evaluated the quality of such products in terms of protein utilization.
R. Szklarska-Cyganska (personal communication) reported a 19 yo decrease in the availability of the methionine in roller-dried milk, determined microbiologically. This result is in agreement with the values obtained in the present work.
From the results for the availability of S amino acids determined using chemical methods, actual availability to the organism can be predicted. Rat bioassays were used to establish whether 'chemically determined' low levels of available S amino acids were significant physiologically, and consideration was given to the cysteine-sparing effect of methionine in the diet.
There was good agreement between results for the availability of S amino acids determined by chemical and biological methods for spray-and roller-dried milk and whey, and mackerel sterilized at 126". Thus it must be assumed that the decrease in availability of S amino acids, determined chemically, is physiologically significant.
The good agreement between estimates obtained in vivo and in vitro suggests that the chemical methods may be applied as rapid indicator methods for determination of changes in the availability of methionine and cysteine associated with food processing.
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